Abstract Cashew apple bagasse is a byproduct of cashew peduncle juice processing. Such waste is a source of carotenoids, but it is usually discarded after the juice extraction. The objective of this work was to study the influence of pectinolytic and cellulolytic enzyme complexes on cashew bagasse maceration in order to obtain carotenoids. It was observed that maceration with the enzymatic complex Pectinex Batch AR showed a higher content of carotenoids, with an overall gain of 79 % over the control carried out without enzyme complex addition.
Introduction
Cashew (Anacardium occidentale) is a typical fruit of the Brazilian Northeast and its cultivation has been gaining greater socioeconomic importance. Of the total produced annually in the Northeast, 15 % is utilized for juice manufacture, which is a great waste of raw material, since the weight of the bagasse corresponds to 90 % by weight of cashew (Paiva et al. 1998) . The cashew's peduncle bagasse is a source of polyphenols and carotenoids, compounds with high added value due to their functional properties in foods and power coloring (Abreu 2001) , as well as a source of dietary fiber (Rufino et al. 2010 ).
Research involving antioxidant compounds from natural sources, such as carotenoids, have been developed in various centers of study because of their importance in the prevention of oxidative reactions (Broizoni et al. 2007 ). Aqueous enzymatic extraction has recently attracted a lot of interest because enzyme complexes, especially the pectinases, have been used for the following purposes: increasing the juice yield due to better packing of fruit: the liquefaction of fruit for the maximum utilization of raw materials; increasing the yield of fatty substance and of those that confer flavor and aroma; the clarification of juices; increasing stability; and breakdown down carbohydrate polymers such as pectins and hemicelluloses (Coelho et al. 2008 , Ramadan et al. 2008 . The use of enzymes with mixed activities (cellulases, hemicellulases and pectinases, mainly) hydrolyzes the structural polysaccharides of cell walls, releasing the cell contents which include carotenoids (Delgado-Vargas et al. 2000 , Dominguez et al. 1995 .
In earlier research, developed at Embrapa Tropical Agroindustry Barbosa (2010) studied the enzymatic pectinolytic complex Pectinex Ultra SPL to obtain carotenoids from cashew peduncle bagasse. Given the antioxidant activity of bioactive compounds present in cashew bagasse, such as carotenoids, beyond the power coloring compounds, this study investigating the influence of adding pectinolytic and cellulolytic enzyme complexes to cashew peduncle bagasse to assist in carotenoids obtention.
Materials and methods

Samples, chemical reagents and enzyme preparations
The cashew bagasse was kindly supplied by Brazil Juice industry, located in Pacajus, Ceará state, Brazil. The bagasse was stored in a freezer at −18°C until processing. Analytical grade hexane, acetone, sodium phosphate dibasic M. Macedo Departamento de Engenharia Química, Benfica, Universidade Federal do Ceará, Fortaleza, CE 60020-181, Brazil e-mail: manuellamacedoalimentos@yahoo.com.br heptahydrate, and sodium acetate were purchased from Impex. The glucose was purchased from Isofar. Citrus pectin and polygalacturonic acid were obtained from Sigma. Sodium hydroxide and dinitosalycilic acid were purchased from Vetec. The microcrystalline cellulose was obtained from Fluka. Pectinex AR Batch, Pectinex Ultra Clear, Pectinex Ultrazyme, Pectinex Smash XXL, Pectinex Ultra AFP, and Celluclast were kindly supplied by Novozymes Latin America LTDA. Pectinex AR Batch, Pectinex Ultra Clear, Pectinex Ultrazyme, Pectinex Smash XXL, and Pectinex Ultra AFP were produced from Aspergillus niger and Aspergillus aculeatus and Celluclast from Trichoderma reesei.
Determination of enzyme activity
Pectinesterase (PE) activity
Pectinesterase's enzyme activity was determined by the presence of methanol released in the desesterificacion reaction of polygalacturonic acid followed by methodology proposed by Khanna et al. (1981) with modifications. The volume of 6 ml of enzymatic extract was added to 30 ml of 1 % pectin solution in sodium phosphate pH 7.0 buffer. The reaction medium was titrated by using NaOH 0.01 N. The unit of the pectinesterase enzyme was defined as U/ml, with a pectinesterase unit of 1 μmol of methanol released per minute in standard test conditions.
Polygalacturonase (PG) activity
The polygalacturonase enzyme was quantified according to Couri (1993) with modifications, using a rate of 0.1 ml of enzymatic extract in 4 ml of 0.25 % polygalacturonic acid in acetate sodium buffer 0.2 M pH 4.5. The reaction mixture was incubated for 30 min at 35°C in a Quimis bath model 0360 M2. A volume of 0.1 ml of the mixture was transferred to a tube containing 1 ml of DNS (dinitro-salicylic acid) and next the procedure for determination of reducing sugar according to Miller (1959) was followed. The enzyme activity was expressed as U/ml, with a polygalacturonase unit corresponding to 1 μmol galacturonic acid released per minute in the reaction conditions.
Cellulase activity
Cellulase activity was determined according to Wood and Garcia-Campayo (1990) with modifications. Aliquots of 0.9 ml of 1 % microcrystalline cellulose prepared in 50 mM acetate sodium buffer were acclimated in a water bath at 40°C for 10 min. An aliquot of 0.1 ml of the enzyme complex was transferred to tubes and incubated at 40°C for 60 min. A volum of 1 ml DNS (dinitro-salicylic acid) was transferred to each tube and next the reducing sugar was determined according to Miller (1959) . The enzyme activity was expressed as U/ml, with a cellulase unit corresponding to 1 μmol glucose released per minute in the reaction conditions.
Enzymatic treatment
The bagasse was thawed at room temperature. Cashew bagasse (50 g) were added to 100 ml of water, which resulted in a ratio of 1:2 (bagasse weight: water weight). A volum of 50 μl commercial enzyme preparations were added to the mixture according to Table 1 . The mixture was incubated and homogenized in an orbital shaker at 30°C at of 150 rpm for 2 h to increase the surface area for efficient enzyme treatment. The time maceration of 2 h was chosen after the observation of instrumental color from extracts obtained by maceration in the times 30 min, 1 and 2 h. After 2 h of enzyme treatment, the mixture was vacuum filtered in a porcelain Buchner funnel with qualitative filter paper. The content of carotenoids in the extract was determined by the spectrophotometric method.
Chemical analysis
Carotenoids Determination of total carotenoids was performed according to Higby (1962) . The extraction was performed using an isopropyl alcohol:hexane (3:1) solution. The content was transferred to a 125 ml separatory funnel wrapped in aluminum foil, where the volume was completed with distilled water. The mixture was left to sit for 30 min, followed by washing phases. This operation was repeated four more times. The content was filtered with cotton sprayed with anhydrous sodium sulphate into a 100 ml volumetric flask wrapped with aluminum foil, to which 5 ml acetone were added and diluted with hexane. The readings were made at 450 nm in a spectrophotometer model Varian Cary 50 and the results were expressed in mg/L. Reducing sugar
Reducing sugar determination was measured by using the method described by Miller (1959) . This method is based on the reduction by heating of 3,5-dinitro-salicylic acid into 3 amino 5 nitrosalicylic acid to the action of reducing sugar resulting in a brown complex which in turn is measured spectrophotometrically at 540 nm. The absorbance reading was performed in a spectrophotometer model Varian Cary 50 in a glass bucket. The reducing sugar concentration was calculated from the calibration curve developed from a standard solution of glucose at a concentration of 1 mg/ml.
Color
The instrumental color of the clarified extract obtained after maceration was determined using a Minolta CR-300 colorimeter with values in L*, a* and b*. The Cielab (Commissioned International d'Eclairage) system allows its measurement to be made through the color parameters: L* brightness (0 = black and 100 = white), a*(−80 to zero=green and zero to +100=red) and b* (−100 to zero=blue and zero to +70=yellow).
Statistical analysis
The quantification of the carotenoid level for each treatment was performed in duplicate. Each treatment was performed by Tukey's test (p<0.05) to compare the efficiency of different enzyme complexes in the extraction of carotenoids. Statistical analyses were performed in the software Statistica version 7.0.
Results and discussion
Pectinesterase (PE), polygalacturonase (PG) and cellulose (CEL) activities of Pectinex AR Batch, Pectinex Ultra Clear, Pectinex Ultrazyme, Pectinex Smash XXL, Pectinex Ultra AFP and Celluclast are listed in Table 2 . The enzyme complex that had the highest PE activity was Pectinex Ultra Clear (6.357 U/ml) followed by complex Pectinex Ultra AFP (5.130 U/ml), Pectinex Ultrazyme (4.294 U/ml) and Pectinex AR Batch (3.179 U/ml). The enzyme complex that presented the lowest PE enzymatic activity was Celluclast (808 U/ml). Pectinesterase catalyzes the hydrolysis of the methyl ester of pectin, thus releasing methanol and converting pectin into pactate (Uenojo and Pastore 2007) . The highest polygalacturonase activity was found in Pectinex Ultrazyme (608 U/ml) followed by Pectinex Ultra Clear (428 U/ml). According to Uenojo and Pastore (2007) , polygalacturonase enzyme hydrolyzes the links of α-1,4-glycosidic between two galacturonic acid residues, being the enzyme with the highest hydrolytic function. The enzyme complex that had the highest cellulose activity was Celluclast (16.5 U/ml) followed by Pectinex ultra Clear (9.0 U/ml) and Pectinex AR Batch (7.0 U/ml). Through treatment with pectinolytic and cellulolytic enzyme preparations, polysaccharides of the plant's cell walls are partly depolymerized and solubilized to a different extent, releasing the interior contents of the cell (Dongowski and Sembries 2001) . It was observed that maceration with the enzymatic complex Pectinex AR Batch, test number 2, resulted in a higher content of carotenoids, followed by tests number 3 (Pectinex Ultra Clear), 7 (Pectinex AR Batch and Celluclast) and 8 Table 3 . This was probably due to the action of pectinolytic enzyme complex that hydrolyze the pectin present in cell walls of cashew bagasse and facilitate the expulsion of the higher carotenoid content. The control, which was conducted without addition of enzymes, resulted in a content of 29.2 mg/l of carotenoids. The synergistic action of pectinolytic and cellulolytic enzyme complex used in tests number 7 and 8 also resulted in a gain of 54 and 70 % respectively, compared to the control test. The enzymatic complexes used in tests number 4, 5 and 6 did not show a good performance when applied to cashew bagasse to obtain carotenoids (Fig. 1) . This was probably due to less activity related to the cellulose enzyme present in these complexes, hydrolyzing a lesser extent cellulose present in the bagasse and releasing less carotenoids. In previous studies in EMBRAPA, Barbosa (2010) applied 2.000 μl of pectinolytic complex enzyme Pectinex Ultra SPL tob macerated cashew bagasse, and analyzing the resulting extract from the pressing of macerated bagasse, it was observed that there was an overall percentage gain of 30 % in total carotenoids in relation to the control group without enzymes. Based on these results, it became necessary to study the application of other enzymatic compounds to obtain carotenoids from cashew bagasse. The results presented here indicate a better performance of complex Pectinex Ultra Clear and Pectinex AR Batch when applied to bagasse. Sun et al. (2006) studied the optimization of enzymatic maceration in pretreatment of carrot juice concentrate by response surface methodology and found the highest content of carotenoids with the application of 0.10 % of pectinase FNP-1 and 0.10 % of Celluclast FNC-1, wich resulted in 54.8 % gain. The result obtained in the present work was higher than the one obtained by that author probably due to the high efficiency of the enzymatic complex.
According to Çinar (2005) , cellulase and pectinase hydrolyze pectin and pulp carotenoids releasing plant cell wall and increasing the efficiency of extraction. The author studied the concentration of carotenoids by measuring the absorbance values obtained from carrots, sweet potatoes, and orange peel macerated for 6, 12, 18 and 24 h. For the orange peel samples, the highest yield was achieved by using 5 ml/100 g wet peel pectinase and 0.1 g/100 g cellulase with 12 h extraction. For carrots, the author used a combination of 10 ml/100 g pectinase and 0.5 g/100 g of Celluclast in relation to the sample weight for a maceration time of 24 h and found a gain of 55 %. For sweet potatoes, the author studied the combination of 10 ml/100 g of pectinase and 1.0 g/100 g of cellulase and observed that the gain was 75 % for 18 h of maceration. Similar results were found in the present study, in which the treatment performed with the combination of Celluclast and Pectinex showed a gain of 70 % in the carotenoid content comparison with the control group, conducted without enzymes. Roman-Salgado et al. (2008) studied the application of enzymes in non-commercial chili to obtain carotenoids by the spectrophotometric method and found values higher than 110 % in the control group. This value was higher than that found in the present work, due to differences in the studied material, the amount of enzymes, and maceration time.
Its was observed that there was not significant diference among treatments number 2, 3, 7 and 8, which showed the highest levels of carotenoids, indicating that in this study the best enzymatic complexes were Pectinex AR batch, Pectinex ultra Clear, and the combination Pectinases Cellulases (trials number 7 and 8). The other treatments did not show high levels of carotenoids (Table 1) .
It was found that all tests conducted with enzymes, except for tests number 7 and 8, resulted in higher content of reducing sugar than the control without enzymes, and the highest concentrations of sugars were found in test number 3 (Pectinex Ultra Clear). Probably, there was the action of enzyme complexes on pectin, wich hydrolyzed and increased the amount of reducing sugars in these trials (Fig. 2) . It was observed that for all tests the instrumental color parameter L, which indicates the brightness of the samples, was not different for Pectinex Ultraclear and Pectinex Smash XXL, which indicates that there was no sample considerably darker than the other (Fig. 3) . The b value was higher in the sample macerated with Pectinex AR Batch, followed by Pectinex Ultraclear and Pectinex Smash XXL. In samples 2 and 3 those levels were higher due to the higher content of carotenoids, which contributed to a more intense yellow color in these samples (Fig. 4) .
Conclusions
It was observed that the use of enzymes available for the maceration of the stem of cashew bagasse peduncle for the extraction of carotenoid compounds was efficient, because the samples macerated with enzymes showed overall gains of up to 79 % (test number 2) compared to the experiment without the addition of enzymatic complex. The byproduct rich in carotenoids obtained from cashew bagasse presents potential use as a natural dye in food industry.
